Objective: To study the long term cardiovascular effects of oral antidiabetic agents in non-diabetic patients with insulin resistance. Patients: 181 African American subjects with insulin resistance and normal glucose tolerance test were randomised to receive glipizide 5 mg/day (n = 25), metformin 500 mg/day (n = 59), or placebo (n = 97) for 24 months. Insulin sensitivity, glucose tolerance, lipid profile, left ventricular mass (echocardiography), aortic distensibility (echocardiography, blood pressure), aortic pulse wave velocity (PWV, carotid to femoral artery, Doppler) were measured at baseline and at 12 and 24 months after randomisation. Results: A significant increase in PWV was observed in both glipizide (mean (SEM) change at 24 months 2.8 (2.7) m/s, p = 0.012) and metformin (2.2 (0.7) m/s, p = 0.01) groups during the follow up period. In contrast, PWV remained unchanged in the placebo group. The increase in PWV in the treatment groups was significant compared with placebo (analysis of variance p , 0.05). Other cardiovascular or metabolic variables did not change significantly compared with placebo during follow up. Conclusions: The observed increase in PWV is consistent with a decrease in the elastic properties of the aorta. The use of oral antidiabetic agents for the prevention of cardiovascular complications in nondiabetic African Americans with insulin resistance needs to be critically evaluated.
I
nsulin resistance may be present in non-diabetic individuals with a family history of non-insulin dependent diabetes mellitus (NIDDM), especially in African Americans. [1] [2] [3] [4] [5] It has been suggested that improvement of insulin sensitivity in these high risk individuals may delay the development of NIDDM and its related cardiovascular complications. 6 Interventions that may improve insulin sensitivity include lifestyle and dietary modification, weight reduction, exercise, and treatment with oral antidiabetic agents. [7] [8] [9] Biguanides and sulfonylureas are widely used for the treatment of NIDDM and have been used for the prevention of diabetes in non-diabetic patients. 10 11 Long term prospective randomised studies of the cardiovascular effects of these antidiabetic agents in non-diabetic individuals with insulin resistance are lacking.
In this prospective randomised double blind study, the long term effects of glipizide and metformin on multiple cardiovascular variables, metabolic parameters, and lipid profile in non-diabetic individuals with insulin resistance and a family history of NIDDM were studied.
METHODS

Study population
In the diabetes clinic of The Ohio State University we follow up about 3000 African Americans with NIDDM; patients recruited for the study were offspring of these patients. One hundred and eighty one non-diabetic African Americans with an age range of 25-63 years (mean (SD) 42 (8) years) were studied. All patients were offspring of at least one parent with NIDDM as defined by the National Diabetes Data Group criteria. 12 Fasting plasma glucose was , 6.38 mmol/l and plasma glucose two hours after administration of 75 g oral glucose load was , 7.78 mmol/l. The study was designed in 1994. At that time 6.38 mmol/l was considered the cut off value for normal fasting plasma glucose concentrations.
All patients had decreased peripheral action of insulin as defined by the insulin sensitivity index (S I ) and normal blood pressure. African Americans usually have high concentrations of high density lipoprotein (HDL) cholesterol and low concentrations of triglyceride. For these reasons none of the participants were considered to have metabolic syndrome. 13 14 Subjects with a history of excessive alcohol use or liver, kidney, or heart diseases, as well as pregnant or current breastfeeding women were excluded from the study. Patients taking pharmacological agents with known effects on the cardiovascular system, glucose metabolism, or insulin concentrations were also excluded.
The study protocol was approved by the human subjects research review committee of The Ohio State University. Written informed consent was obtained from all subjects before enrolment into the study.
Cardiovascular studies
All individuals provided a history and underwent a physical examination including body weight and height measurements. Brachial artery pressure was measured by sphygmomanometry with subjects in the supine position. Pulse pressure was obtained by subtracting the diastolic from the systolic blood pressure.
All subjects underwent echocardiography with a model 77020 A device (Hewlett-Packard, Palo Alto, California, USA). Echocardiograms were recorded with subjects in the supine position. Parasternal long axis, apical four chamber, and apical two chamber views were obtained. An ECG was recorded simultaneously with the echocardiogram. Data were recorded on SVHS format videotape with a model AG-7300 video recorder (Panasonic, Secaucus, New Jersey, USA) at a rate of 30 frames/s.
Left ventricular mass
Left ventricular (LV) diameters were measured according to the recommendations of the American Society of Echocardiography at end diastole and end systole in freeze frames from the two dimensional directed M mode echocardiogram. 15 Systolic and diastolic thickness of the LV posterior wall and the interventricular septum were measured at the same time in the cardiac cycle as the LV diameters.
LV mass was calculated from the formula LV mass (g) = {[(LV diastolic diameter + LV posterior wall diastolic thickness + interventricular septum diastolic thickness) 3 2 (LV diastolic diameter) 3 ] 6 1.05} 2 13.6, where 1.05 is the specific gravity of the myocardium. LV mass calculated this way overestimates the ventricular mass as measured at necropsy by 13.6 g; consequently this amount should be subtracted from the calculated value. LV mass was corrected for body surface area (g/m 2 ) to obtain LV mass index. 16 
Aortic pulse wave velocity
For the measurements of aortic pulse wave velocity (PWV), the Doppler flow velocities from the carotid and femoral arteries were recorded simultaneously with the ECG. Times from the beginning of the QRS complex to the upstroke of the carotid artery Doppler flow velocity and from the beginning of the QRS complex to the upstroke of the left femoral artery Doppler flow velocity were measured. PWV was calculated as the ratio of the time required for the pulsed wave Doppler velocity to travel from the carotid to the femoral artery, over the distance between carotid and femoral arteries. 17 PWV was measured by the same investigator blinded to the treatment status. The variability in PWV measurements is less than 5%.
Aortic distensibility
Systolic and diastolic diameters of the ascending aorta were measured about 3 cm above the aortic valve in the two dimensional guided M mode echocardiographic tracings from the parasternal long axis view. Systolic aortic diameter was measured at the maximum anterior motion of the aortic root. Diastolic aortic diameter was measured before the opening of the aortic valve at the peak of the QRS complex in the simultaneously recorded ECG. The average of five beats was used for analysis. Systolic abdominal aortic diameter was measured at the maximum anterior motion of the aorta. Diastolic abdominal aortic diameter was measured 100 ms before the beginning of the anterior motion of the aorta. Aortic distensibility was calculated from the following formula 17 : aortic distensibility (cm 2 /dynes 6 10 26 ) = 2 6 (systolic aortic diameter) 2 (diastolic aortic diameter)/ (diastolic aortic diameter) 6 (pulse pressure).
Metabolic studies
Body weight and height were measured every three months with subjects wearing an examination gown without shoes. Body surface area was calculated from the formula: body surface area (m 2 ) = ![(body weight (kg) 6 height (cm))/ 3600].
With subjects in the supine position, two intravenous needles were inserted into forearm veins and kept patent with 0.9% normal saline infusion. One intravenous line was used to draw samples and the other to administer glucose and insulin.
Plasma glucose concentrations were measured by the glucose oxidase method with a glucose autoanalyser (Beckman, Fullerton, California, USA). Insulin and C peptide concentrations were determined by a standard double antibody radioimmunoassay technique at the Core Laboratories of The Ohio State University Hospitals.
Lipid concentrations were measured in the core laboratory of the Ohio State University Medical Center. Low density lipoprotein (LDL) cholesterol was calculated by the Friedwald method. 18 
Oral glucose tolerance test
Each subject was instructed to ingest 250 g of carbohydrate in their regular meals for three days before the study. After a 10-12 hour overnight fast, all subjects ingested a 75 g oral glucose load (Koladex, Baltimore, Maryland, USA) in a total volume of 250 ml over two minutes. Blood samples for serum glucose, insulin, and C peptide determinations were obtained at baseline and at 30, 60, 90, and 120 minutes after glucose administration. Glucose tolerance status was defined by the National Diabetes Data Group criteria.
12
Insulin sensitivity index S I was measured by the frequently sampled intravenous glucose tolerance test. Four blood samples were obtained at 220, 215, 210, and 0 minutes for basal plasma concentrations of glucose, C peptide, and insulin. The average of the four measurements was taken as the baseline value. Thereafter, 0.3 g/kg glucose (50 ml of 50% dextrose water) was infused over a one minute period. Nineteen minutes after the completion of glucose administration (20 minutes total time), 0.05 U/kg insulin (Humulin, Lilly, Indianapolis, Indiana, USA) dissolved in 30 ml of 0.9% normal saline was given intravenously over 60 seconds. S I was calculated by the minimal model software program (MINIMOD) described by Bergman and colleagues. 19 
Study protocol
After initial evaluation, all subjects were randomly divided into three groups and received glipizide 5 mg (n = 25), metformin 500 mg (n = 59), or placebo (n = 97) once daily for 24 months. The shape of active drug tablets (glipizide and metformin) is different. For this reason for each active drug we created an identical placebo tablet. Thus, the total number of placebo was at least two to three times larger for any active treatment. Metformin was not approved by the US Food and Drug Administration at the beginning of the study and for this reason the metformin group was larger than the glipizide group. All subjects taking placebo were included together in the statistical analysis. Systolic and diastolic blood pressure, PWV, ascending and abdominal aortic distensibility, LV mass index, fasting plasma glucose, C peptide, insulin, oral glucose tolerance test, S I , total cholesterol, LDL cholesterol, HDL cholesterol, and triglycerides were measured at baseline and at 12 and 24 months after randomisation.
Statistical methods
Baseline measurements are presented as mean (SD) unless otherwise indicated. Changes from baseline to 12 months and from baseline to 24 months are presented as mean (SEM). Analysis of variance was used to define differences between the two groups during the follow up period and within each group. Multiple regression analysis was used to assess whether treatment was an independent predictor of changes in PWV during the follow up period. A probability value p , 0.05 was considered significant. Table 1 presents the baseline clinical characteristics of the study population. Both drugs were well tolerated and none of the subjects had any significant side effects. Serum glucose was unchanged in subjects taking active drugs during the study; as mentioned, the individuals had normal glucose tolerance to begin with. A previous study also showed that these drugs may slightly increase plasma glucose in normal people. 20 The number of tablets was measured at each visit. For participation in the study, at least 80% compliance was required. A small number (about 13%) of subjects dropped out. The reasons were failure to keep scheduled appointments, 50%; medical reasons, 19%; requested discontinuation, 8%; relocation of the participant, 7%; failure to take medication, 11%; and pregnancy, 8%.
RESULTS
Follow up data
Subjects in the metformin and placebo groups had a mild but significant decrease in systolic and diastolic blood pressure during the follow up period. Subjects in the glipizide group also had a mild, non-significant reduction in blood pressure.
These changes, however, were not significant compared with the placebo group. LV mass, ascending aortic distensibility, abdominal aortic distensibility, and PWV did not change significantly in the placebo group (table 2) .
Glipizide treated subjects had a significant increase in PWV during the follow up period (analysis of variance p = 0.012) (fig 1) . None of any of the cardiovascular variables changed significantly (table 2) . Likewise, PWV increased significantly in the metformin group during the follow up period (analysis of variance p = 0.01) (fig 1) . PWV in the placebo group remained unchanged. Furthermore, changes in PWV in the metformin and glipizide groups were significantly greater than in the placebo group (analysis of variance p , 0.05) (fig 2) .
Metabolic variables
As expected, fasting serum insulin increased significantly (p , 0.01) in the glipizide group (table 3) . Fasting serum glucose, insulin, C peptide, and S I did not change significantly in any of the groups during the follow up period.
Lipid concentrations
Total cholesterol was slightly but significantly increased in the placebo group and remained unchanged in the metformin and glipizide treated subjects. No significant changes in HDL, LDL cholesterol, triglycerides, and total cholesterol to HDL cholesterol ratio were observed in any group during the follow up period (table 4) .
DISCUSSION
In the present study two oral antidiabetic agents, a sulfonylurea (glipizide) and a biguanide (metformin), were administrated to non-diabetic African Americans with insulin resistance in a double blind fashion for 24 months. PWV increased significantly in both treatment groups after 24 months. In contrast, PWV remained unchanged in the placebo group. This increase in PWV in glipizide and metformin treated subjects was significant compared with the placebo group. Thus, long term administration of oral antidiabetic glipizide or metformin to normoglycaemic African Americans with insulin resistance may decrease the elastic properties of the aorta. It has been shown previously that increased PWV is an indicator of a high incidence of cardiovascular events and an independent predictor of cardiac mortality. [21] [22] [23] [24] [25] The cause of this observation is not well understood. The two drugs used in the present study have different mechanisms of action but their glucose lowering effect is generally equivalent. Glipizide stimulates secretion of insulin from pancreatic b cells and thus increases circulating insulin concentrations. In contrast to glipizide, metformin reduces hepatic glucose production in the presence of insulin and therefore is considered an insulin sensitiser. Indeed, in the present study fasting plasma insulin was significantly increased in glipizide treated subjects during the follow up period. In contrast, fasting plasma insulin concentrations remained unchanged in the metformin group. PWV, however, was increased significantly in both groups. Twenty per cent of the participants were smokers. Smoking habit was equally distributed among the groups. Only a small number discontinued smoking during the study (about 5% equally among groups). To show that changes in PWV were independent of smoking or other factors, a multiple regression analysis was performed. Age, sex, baseline systolic blood pressure, smoking status, S I , total cholesterol, LDL cholesterol, LV mass, and fasting serum glucose were analysed. Treatment with oral antidiabetics was the only independent predictor of PWV changes during the follow up period (p = 0.016). As mentioned previously, 6.38 mmol/l was considered the cut off value for normal plasma glucose concentrations in the present study. If we reanalyse the data with 6.1 mmol/l or even 5.55 mmol/l as the cut off, the results remain unchanged. PWV in this study was unrelated to plasma glucose. It is known that PWV increases with age. The time interval, however, was too short (24 months) to see any spontaneous changes.
The effect of metformin on systolic and diastolic blood pressures in non-diabetic patients with systemic hypertension is controversial and the long term effect of metformin or glipizide on blood pressure in non-diabetic patients with normal blood pressure is not well known. 26 27 In the present study all subjects had arterial blood pressure within normal limits. Individuals in the metformin and placebo groups had a mild but significant decrease in systolic and diastolic blood pressure during the follow up period. Subjects in the glipizide group also had a non-significant reduction in blood pressure. These changes, however, were not significant compared with the placebo group (analysis of variance). Subjects taking antihypertensive medication were excluded before entry into the study. However, participants in the study were instructed in lifestyle and dietary modifications, including moderate exercise and low salt intake. This may explain the mild reduction in blood pressure in all three groups.
It is known that pulse pressure (the difference between systolic and diastolic pressures) may provide a rough estimation of the elastic properties of the aorta. Indeed, pulse pressure was significantly related to PWV in the study population measured at baseline and at 12 months and 24 months (p = 0.023, p = 0.0013, and p , 0.0001, respectively). However, one way analysis of covariance showed that, unlike PWV, the effect of treatment on pulse pressure was not significant.
LV mass index was decreased slightly but significantly in subjects treated with metformin during the follow up period. This finding is in agreement with previous studies, where metformin was administrated to obese non-diabetic women with arterial hypertension for 12 weeks. 26 It is known that glipizide has no effect on lipid profile, whereas metformin may have a favourable effect on plasma cholesterol concentrations. [27] [28] [29] [30] [31] In the present study, however, no effect on lipid concentrations was observed in the metformin group after 24 months of treatment.
To our knowledge this is the first study to assess the long term cardiovascular effects of oral antidiabetic agents in nondiabetic individuals with insulin resistance and normal glucose tolerance. Two agents with different mechanisms of action were used prospectively in a double blind, placebo controlled fashion. All studied subjects were ''healthy'' with insulin resistance but a normal glucose tolerance test and no other disorder. During the 24 month follow up period there were no other treatment interventions. The precise mechanism(s) for the effect of the antidiabetic drugs on aortic function are not known. An effect of these drugs on smooth muscle cells or vasa vasorum flow of the aortic wall may provide a possible explanation. 17 However, the precise responsible mechanism(s) are unknown. Changes in PWV may be affected by other factors. In a multivariate analysis, however, treatment with oral antidiabetics was the only independent predictor of changes in PWV during the follow up period.
A limitation of the study is that our data refer only to African Americans. Whether the observations of the present study may apply to other ethnic groups has not been defined.
In conclusion, a significant increase in PWV was observed in non-diabetic African Americans with insulin resistance treated with glipizide or metformin for 24 months. No significant changes in PWV were seen in the placebo group. No other cardiovascular variable changed significantly during the follow up period. On the basis of these observations, the use of glipizide, metformin, or both for the prevention of cardiovascular complication in normoglycaemic insulin resistant African Americans needs to be critically evaluated.
